Summary.-As a continuation of a previous controlled trial using "high-dose" metronidazole as a specific sensitizer of hypoxic cells, we used a more efficient nitroimidazole derivative (misonidazole, MISO) in combination with higher doses of radiation in patients with supratentorial high-grade astrocytomas. Sixty-six patients were stratified according to functional level and histological grading, and randomly allocated within 2 weeks of operation to 1 of 3 therapeutic groups: 1, conventional radiation alone; 2, large fractions of radiation with high-dose metronidazole; and 3, radiation as in Group 2 but with equitoxic doses of MISO.
WE HAVE SHOWN in a previous clinical controlled study (Urtasun et al., 1 976a) that the 5-nitroimidazole compound metronidazole, in combination with external radiation, improved the time to tumour regrowth in patients with supratentorial glioblastomas. This was observed under the strict limitations of the study design, by which both the control and the experimental groups received less than optimal scheduling of radiation and relatively low total tumour dose of radiation. The next logical step was to proceed with another study, in order to compare the best currently available treatment to the unconventional large-fraction radiation (proved to be successful when combined with metronidazole) but combined with a more efficient radiosensitizer.
Nitroimidazole compounds are known to radiosensitize mammalian cells selectively under acutely hypoxic in vitro conditions (Chapman et al., 1973; Asquith et al., 1974) and also to radiosensitize hypoxic cells from various animal tumours (Rauth, 1974) . Metronidazole was chosen in 1973 for clinical studies as a radiosensitizer, and its toxicity and pharmacological properties at oral high doses has been previously reported (Urtasun et al., 1974 (Urtasun et al., , 1975 Deutsch et al., 1975) . Misonidazole, a 2-nitroimidazole derivative (1-(2-nitroimidazol -1 -yl) -3 -methoxypropan-2-ol; Ro-070582; NSC-261037, MISO) has been shown to be a more efficient radiosensitizer of hypoxic mammalian tumour cells, both in vitro and in vivo (Adams et al., 1978; Brown, 1975; Denekamp et al., 1. URTASUN ET AL. factor (Urtasun et al., 1976b (Urtasun et al., , 1978 Dishe et al., 1978; Wasserman et al., 1979; Thomas et al., 1980; Frytak et al., 1978) .
As in the previous study, we chose patients with glioblastoma multiforme, primarily because of the high rate of local radiation failure, and the small therapeutic gains obtained on combining radiation with currently available cancer chemotherapy agents (Walker et al., 1978; EORTC, 1978; Edwards et al., 1980; Chang et al., 1982) and secondarily because of the characteristic of glioblastoma to form multiple areas of necrosis surrounded by non-proliferating tumour cells, which are assumed to be hypoxic and radioresistant (Hoshino et al., 1972) .
In the present study, we have included patients with astrocytoma with anaplastic foci (AAF, Grade III astrocytoma), who comprised 25% of all patients entered in our study. This group of patients has a more favourable prognosis than patients with glioblastomas (Nelson et al., in press ) and therefore all patients were stratified according to the histological type. They were also stratified by the functional neurological status.
The therapeutic results with supratentorial high-grade astrocytomas have been poor, though small gains have been made in the past 5 years, by combining chemotherapy and radiation to achieve median survivals of 36-42 weeks when all histological types are considered (glioblastomas as well as AAF; Walker et al., 1978; EORTC, 1978; Edwards et al., 1980; Chang et al., 1982) .
MATERIALS AND METHODS
The centre where the study was conducted serves a population of 1 million. All patients with brain tumours arising from this population are referred to this centre. A neuropathologist assigned to the study reviews and confirms all the pathological slides. dexamethasone, (Decadron) 9-16 mg daily, at the beginning and for the duration of treatment and then reduced slowly.
CT scans of the brain were performed before and after operation, mid-way through treatments and at monthly intervals until tumour regrowth. Tumour volume, mid-line shift, degree of tumour augmentation and ventricular dilatation were entered in a computer programme for analysis. We considered a patient to have achieved a complete response when there was complete disappearance of direct visual evidence of tumour and absence of mass effect on CT scan, while showing improvement of all clinical neurological signs and symptoms and being off dexamethasone. A partial response was when on CT scan there was over 50% reduction of tumour volume and improvement of mass effect, while showing improvement of neurological signs and symptoms and on decreasing doses of dexamethasone. We considered a patient in relapse when there was CT-scan evidence of increased tumour volume (tumour enhancement peritumoral oedema) while showing a worsening in clinical status (drop of 15% or more in the Karnofsky scale) and requiring doses of dexamethasone.
The study began in August 1976, when 66 patients entered the study and 59 fulfilled the protocol requirements and formed the basis of this report. Five patients were ineligible because of wrong histology, and 2 refused to begin treatment. orally every 4-5 weeks, provided the WBC was > 4000 and platelet count > 105. The dose was halved if the WBC was 2000-4000 or platelet count 7-10 x 104. Treatments were temporarily discontinued when either the WBC was < 2000 and platelet count < 7 x 104, or there was evidence of pulmonary toxicity.
We measured concentrations of the nitroimidazole compounds in blood at the time of irradiation (4 h after drug ingestion) and whenever possible a 24h drug-kinetic study in blood was performed at the beginning of the 3-week treatment. Measurements used the high-performance liquid chromatography technique of Workman et al. (1978) .
Before the patients were entered into the study, normal liver-function and renalfunction tests and normal peripheral haematological values were required. These tests included blood determinations of alkaline phosphatase, serum glutamic oxalacetic transaminase, bilirubin, blood urea nitrogen, creatinine, uric acid, WBC counts, platelet count, haemoglobin and haematocrit. All tests were done twice weekly during administration of the nitroimidazole compounds, and thereafter at each follow-up.
Whenever possible, necropsies were performed and the brain specimen referred to the neuropathologist assigned to the study.
RESULTS
Six patients, 2 on each arm, had major protocol violations because of refusal to receive CCNU at the time of tumour relapse. Ten patients required dose modifications of the nitroimidazoles, due mainly (Table III) . There were no complete responders and all 3 groups had similar numbers of partial response.
The observed median length of remission (first day of treatment to relapse) was 175 days for Group 1, 107 days for Group 2 and 157 days for Group 3. No statistical differences among the 3 arms were found (log-rank P=0*10). The KaplanMeier survival plots (Kaplan, 1958) Wasserman et al., 1979) . As in the previous study, we used the same unconventional large fractions of radiation (3 times per week) combined with relatively large doses of the sensitizer, because of inference from in vitro studies and animal tumour models and the log-rank test (P = 0.99) confirms the visual impression that there were no differences between the 3 groups. The median survival was 26 weeks for Group 1, 19 weeks for Group 2, and 27 weeks for Group 3. Survival at one year was 16%, 6% and 25% for each group respectively. Analysis of the 1-year survivors on Group 3 reveals 3 patients with glioblastomas and 2 with AAF. All 5 were in the favourable functional group, and the mean age (58) was similar to that of the whole population in the study (15% < 40 years and 65% > 60 years).
Analysis of the whole group of 1-year survival revealed that 50% were glioblastomas (vs 75% for all patients) and over 95% were in the favourable functional group.
Our necropsy rate was 3000. Residual tumour was present in all specimens. There were no instances of tumour extending beyond the volume of radiation, either by direct extension or by intraventricular seeding. All had diffuse cerebral oedema plus gross residual mass composed of then available, that a larger radiosensitization would probably be seen with this approach. We wanted to compare our experimental approach to the currently best, accepted method of treating glioblastomas; therefore a control group of patients from the same population was treated at our institution with daily conventional fractionation. All patientts received systemic chemotherapy in the form of CCNU at t,he time of tumour progression. XVe have found no statistical difference in the median survival time between the 3 groups of patients (Figure) indicating that the combination of radiation at large doses per fraction with either METRO or MISO offers no clear advantage over conventional daily fractionated radiotherapy alone.
This was also seen in the patients in whom we measured the length of remission, though using this end-point the number of patients was considerably reduced because about half of the patients failed to obtain a measurable response.
It should be noted that in our previous publication (Urtasun et al., 1 976a) the Kaplan-Meier survival curves never crossed one another, whereas in the present study they do, and when this happens with small data sets the statistical tests are bound to be inconclusive. Because of this, we are only able to observe that we are seeing no differences in an improvement at. a 60-700/ level, but might be unable to detect a 20-300o improvement which clinically could be significant.
In comparing the present results with those of the previously reported study (Urtasun et al., 1976a) it is also apparent that neither by increasing the size of the radiation fractions (from 3 33 to 4 33 Gy) nor by using a more efficient radiosensitizer (MISO) were we able to improve the results of the original study. The METRO group in the present studv appears to be fairing even worse.
A detailed comparison of therapeutic effectiveness (toxicity and survival) Sheline et al., 1982) . In our study, this was confirmed when the patients surviving more than a year were analysed. Fifty per cent of these patients were AAF (vs 250o incidence of the whole study).
Similarly, 95% of these patients had a favourable functional status (compared to 78% in the whole study).
Of interest is the fact that we found no peripheral neuropathies secondary to either drug, though we had expected 25-300/ in the patients treated with MISO. We assuime that this was probably because all patients were on high-dose dexamethasone while receiviiig these drugs. Dexamethasone concurrently with MISO has been reported to decrease the incidence of MISO-induced peripheral . 1 . 06 neuropathy (Wasserman et al., 1980; Workman, 1982; Bleehen, 1980; Walker & Strike, 1980; press). Only 45% of the patients receiving nitroimidazoles were on phenytoin. Two patients with no evidence of previous seizures developed seizure activity probably related to METRO and were placed on phenytoin, with improvement; in the MISO group, one patient who had previous seizures and had been on phenytoin developed repeated seizures.
Our overall median survivals are clearly inferior (all groups < 26 weeks) to those reported in the literature with conventional multidisciplinary approach (Walker et al., 1978; EORTC, 1978; Edwards et al., 1980; Chang et al., 1982) (range 36-45 weeks) and to those reported using large fractions of radiation and MISO (Bleehen et al., 1980; Carabell et al., 1981; Kogelnik, 1980) . This is so, even if we eliminate from the analysis the 10 patients who survived less than 4 weeks after completion of treatment. We have no reasons to explain this difference of results between our control population (conventional treatment) and those of other centres. Although our volume of irradiation was slightly less than the whole brain, which is commonly used in some of the other centres, our treatment planning was done using CT scans, and a review of our necropsy material failed to reveal any instance where tumour was extending beyond the field of irradiation. This is in agreement with recent reports recommending the irradiation of less than the whole brain (Sheline et al., 1982) . The total dose of radiation was 2 Gy less than in other studies (58 Gy) in 30 fractions for our control group vs 60 Gy in [30] [31] [32] [33] fractions in other studies) and this is unlikely to influence the results significantly. It should be noted that 25% of our total population of patients were in the poor Karnofsky functional levels 30-69%). On the other hand, the proportion of glioblastomas in our patient population (75%) was similar to that reported by others.
From the present study we are unable to substantiate the predictions from our earlier study, that a large therapeutic improvement could be obtained by combining large fractions of radiation with nitroimidazoles in patients with malignant gliomas.
